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^ (57) Abstract: A simple, industrial process for the preparation of the intermediates of acetyl cholin esterase inhibitors is provided. 
Q Thus, for example, 5,6-dimethoxy-2-(4-pyridyl)methyl-l-indanone is hydrogenated using platinum oxide catalyst in the presence of 
^ hydrochloric acid under a pressure of 2 bars to give 4-[(5,6-dimethoxy-l-indanon)-2-yl] methylpiperidine hydrochloride, which is 
then converted to donepezil hydrochloride, an acetyl cholinesterase inhibitor. 



BEST AVAILABLE COPY 



PREPARATION OF INTERMEDIATES FOR ACETYL CHOLINESTERASE 



INHIBITORS 

FIELD OF THE INVENTION 
5 The present invention provides a simple and cost effective process for 

the preparation of intermediates for acetyl cholinesterase inhibitors. 

BACKGROUND OF THE INVENTION 
US 4,895,841 and US 6,277,866 disclosed piperidine derivatives having 
10 excellent anti acetyl cholinesterase activity. These compounds are effective for 
treatment and prevention of diseases such as Alzheimer senile dementia, 
Huntington's chorea, Pick's disease and ataxia. Of these compounds, donepezil 
hydrochloride, 1 -benzyl-4-[(5,6-dimethoxy-1 -indanon-2-yl)methyl]piperidine 
hydrochloride is a well known acetyl cholinesterase inhibitor and is on the 
15 market as Aricept for the treatment of Alzheimer disease. 

According to the process disclosed in US 4,895,841, 5,6-dimethoxy-1- 
indanone was condensed with 1-benzyl-4-formylpiperidine in the presence of 
lithium diisopropylamide to give 5,6-dimethoxy-2-[[1 -benzyl-4- 
piperidinyl]methylene]-1-indanone, which was then reduced with platinum oxide 
2b catalyst to give donepezil. 

1-Benzyl-4-formylpiperidine is not available and difficult to synthesize 
commercially. Moreover the combined yield is very low. 




Lithium diisopropylamide 
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US 5,606,064 disclosed a process for the preparation of donepezil. 5,6- 
dimethoxy-l-indanone was condensed with pyridin-4-aIdehyde to give 5,6- 
dimethoxy-2-(pyridin-4-yl)methyleneindan-1-one, reacted with benzyl bromide to 
give 1-benzyl-4-(5,6-dimethoxyindan-l-on-2-ylidene)methylpyridinium bromide 
and then, hydrogenated in the presence of platinum oxide catalyst to yield 
donepezil. 

The yield of the hydrogenation of pyridinium salt is 81%. 



MeO 



MeO 




ohc -0- 



.0 




10 According to WO 9722584, methyl 4-[2-(3,4-dimethoxybenzoyl) 

allyl]piperidin-1-carboxylate is cyclized in the presence of sulfuric acid to give 
methyK^S.e-dimethoxy-l-oxoindan^-ylmethylJpiperidin-l-carboxylate, 
decarboxylated and then treated with benzyl bromide to give donepezil. 
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Preparation of methyl 4-[2-(3,4-dimethoxybenzoyl)allyl]piperidin-1- 
carboxylate intermediate itself involve many stages thereby resulting in very low 
overall yield. 




Benzyl bromide 
Hydrochloric acid 




MeO; 



According to US 6,252,081, 5,6-dimethoxy-2-methoxycarbohyl-1- 
indarione is reacted with 4-pyridinylmethyl chloride to give 5,6-dimethoxy-2-(4- 
pyridyljmethyl^-methbxycarbonyl-l-indanorie, decarboxylated to give 5,6- 
dimethoxy-2-(4-pyridyi)methyH-indanone then, reacted with benzyl bromide to 
10 give 1-benzyl-4-[(5,6-dimethoxy-1-indanon)-2-yl]methylpyridinium bromide 
followed by catalytic hydrogenation to yield donepezil. 

The process involves introduction of methoxy carbbnyl group and 
decarboxylation steps, thereby making the process very lengthy. 
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Indanone derivatives of the formula I are useful intermediates for the 
preparation of acetyl cholinester^se inhibitors of the formula III. The major 
5 problem with the preparation of the compounds of the formula I by the catalytic 
hydrogenation of the compound of the formula II is that high pressures are 
required and that under these conditions carbonyl group is also reduced to 
alcohol. . 

We have found that the compounds of the formula II can be selectively 
10 hydrogenated to yield the compounds of the formula I using hydrogenating 
catalyst under a suitable condition. The yields and purities are found to be very 
good. . . \ .. , ... 

The intermediates of the formula I can be converted to the compounds of 
formula III by the method described in example 180 of EP 296560 and WO 
15 9722584. 
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The compounds of the formula It can be easily and cheaply obtained 
from the processes described in J. Heterocyclic Chem. 2(4), 366-370 (1965) and 
US 5,606,064. 

Thus, the present invention provides a simple, cost effective and 
5 industrial process for the preparation of the compounds of the formula III via the 
intermediates of the formula I and overcomes the problems of the prior art 
processes. 

SUMMARY OF THE INVENTION 
10 The present invention provides a process for preparing the compound of 

the general formula I or a salt thereof: 



O 




wherein R represents, the same as or different from each other, a hydrogen 
atom or a lower alkoxy group, n represents an integer of 1 to 4 and Y represents 
15 H or F, 

which comprises the hydrogenation of the compound of the general formula II: 



P 




II 



wherein R, n and Y have the same meaning as defined above, with hydrogen 
20 using platinum oxide, palladium-carbon, raney nickel or ruthenium oxide catalyst 
in the presence of an acid under a hydrogen pressure of 1 to 10 bars and 
optionally converting the compound of the formula I to the salt. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom. 
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Preferably, 0.1 to 10 moles of the acid per mole of the compound of 
formula II, more preferably 0.5 to 5 moles of the acid per mole of the compound 
of formula II is used. 

Preferable acids are hydrochloric acid, sulfuric acid, phosphoric acid and 

5 acetic acid. 

Hydrogen pressure is maintained preferably between about 1 to 6 bars 
and more preferably between about 1 to 4 bars. 

The catalyst is usually present in an amount from about 0.01 to about 25 
weight-percent, and preferably from about 0.1 to about 10 weight -percent, 
10 based on the compound of the formula II. Platinum oxide is the preferred 
catalyst. 

Preferable salt of the compound of the formula I is hydrochloric acid salt. 
The compounds of the formula I, wherein n is 1-3, R is methoxy or 
ethoxy and Y is H are preferred compounds. 
15 the present invention also provides the preparation of an acetyl 

cholinesterase inhibitor of the formula III: 

•0 




III 



wherein R represents, the same as or different from each other, a hydrogen 
atom or a lower alkoxy group, n represents an integer of 1 to 4 and Y represents 
20 H or F, 

which comprises reacting the compound of the formula I with a benzyl halide. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom. 

The halide is selected from chloride, bromide and iodide. The preferable 

25 halide is chloride or bromide. 

The compounds of the formula III, wherein n is 1-3, R is methoxy or 
ethoxy and Y is H are preferred compounds. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides a process for preparing compounds of 
the general formula I or a salt thereof: 

5 



O 




wherein R represents, the same as or different from each other, a hydrogen 
atom or a lower alkoxy group, n represents an integer of 1 to 4 and Y represents 
Hor F, 

10 which comprises the selective hydrogenation of the compound of the general 
formula II: 



O 




-II 



wherein R, n and Y have the same meaning as defined above and optionally 
15 converting the compound of the formula I to the salt. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom; methoxy, ethoxy 
and 5,6-dimethoxy groups being preferable. 

The selective hydrogenation is carried out employing platinum oxide, 
20 palladium-carbon, raney nickel or ruthenium oxide catalyst. Platinum oxide is 
particularly preferred catalyst. 

The hydrogenation takes place in a suitable solvent in the presence of an 
acid under a hydrogen pressure of 1 to 10 bars, preferably of 1 to 6 bars and 
more preferably of 1 to 4 bars at the temperature of 15°C to 100°C, preferably of 
25 20°C to 35°C. 
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Examples of the suitable solvents for the hydrogenation are alcohols 
such as methanol or ethanol, acetonitrile, tetrahydrofuran, dimethylformamide, 
dimethylsulfoxide, dioxane, aromatic hydrocarbons such as benzene, toluene, 
xylene, etc., halogenated hydrocarbons such as dichloromethane, chloroform, 
5 carbontetrachloride, etc., ketones such as acetone, methyl ethyl ketone, ethyl 
isobutyl ketone, etc., ethers such as tert-butyl methyl ether, or carboxylates such 
ethyl acetate. A mixture of the solvents may also be used. 

Preferable acid used in the hydrogenation is hydrochloric acid, sulfuric 
. acid, phosphoric acid or acetic acid. Hydrochloric acid is more preferred and the 
10 product obtained is hydrochloric acid salt if the acid used is hydrochloric acid. 

Hydrogenation is carried out in a conventional manner known in the art. 
Hydrogen gas is usually introduced into a hydrogenation flask containing the 
compound of the formula II, the solvent, the acid and the catalyst. 

Utilizing the preferred temperature and pressure values, hydrogenation 
15 generally takes place in a few hours, e.g., from about 0.5 hour to about 36 
hours. 

When the hydrogenation is substantially complete, the desired product of 
the formula I is then isolated by standard methods, e.g., the catalyst is removed 
by filtration, the solvent evaporated and the product purified, if desired, by well- 
20 known methods such as crystallization or by chromatography. 

The catalyst is usually present in an amount from about 0.01 to about 25 
weight-percent, and preferably from about 0.1 to about 10 weight -percent, 
based on the compound of the formula II. 

The compounds of the formula I, wherein n is 1-3, R is methoxy or 
25 ethoxy and Y is H are preferred compounds. 

The preferred compounds of the formula I or the salts thereof are: 
4-[(5,6-dimethoxy-1-indanon)-2^yl]methyIpiperidine, 
4-[(6-methoxy-1-indanon)-2-yl]methylpiperidine, 
4-[(5-methoxy-1-indanon)-2-yl]methylpiperidine, 
30 4-[(5,7-dimethoxy-1 -indanon)-2-yl]methylpiperidne, 
4-[(6,7-dimethoxy-1-indanon)-2-yl]methylpiperidne and 
> 4-[(5,6-dimethoxy-2-fluoro-1-indanon)-2-yl]methylpiperidine.' 

The compounds of the formula I are useful for the preparation of the 
compounds of the formula III: 
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wherein R represents, the same as or different from each other, a hydrogen 
atom or a lower alkoxy group, n represents an integer of 1 to 4 and Y represents 
H or F. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom; methoxy, ethoxy 
and 5,6-dimethoxy groups being preferable. 

The compounds of the formula III can be prepared from the compounds 
of formula I by reacting the compounds of formula I with a benzyl halide. The 
halide is chloride, bromide or iodide. The preferable halide is chloride or 
bromide. The reaction steps for the synthesis of the compounds of the formula 
III are shown is the scheme shown below. 

The compounds of the formula III, wherein n is 1-3, R is methoxy or 
ethoxy and Y is H are preferred compounds. 

Lower alkoxy group herein means a straight or branched lower alkyl 
group having 1 to 6 carbon atoms bonded with oxygen atom, methoxy and 5,6- 
dimethoxy groups being preferable. 

Preferred compounds of the formula III or the salts thereof are: 
1 -benzyl-4-[(5,6-dimethoxy-1 -indanon)-2-yI]methylpiperidine, 
1 -benzy l-4-[(6-methoxy-1 -indanph)-2-yl]methylpiperidine, 
1 -benzyI-4-[(5-methoxy-1 -indanon)-2-yi]methylpiperidine, 
1 -benzy l-4-[(5i7-dimetho ■. 
1 -benzy l-4-[(6, 7-dimethoxy-1«i"ndanon)-2-yl]methylpiperidne and 
1-benzyM-[(5,6-dimethoxy-2-fluoro-1-indanon)-2-yl]methyIpiperidi 
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Scheme: 



G 




Hydrogen gas 

Catalyst 

Add 




The invention will now be further described by the following examples, 
5 which are illustrative rather than limiting. 

Example 1 

The mixture of 5,6-dimethoxy-2-(4-pyr^ (34 
10 gm), methanol (325 ml), methylenedichloride (200 ml) arid; 5% palladium- 
charcoal (2 gm) is taken in a hydrogenatibn flask and- subjected to . 
hydrogenation under a hydrogen pressure of 2 bars for 3 hours. The catalyst is 
removed by filtration and the solvents are evaporated completely urider vacuum 
to obtain a residue. Ethyl acetate (150 ml) is added to the residue and stirred for 
15 20 minutes at 25°C to 30°C. The contents are then cooled to 0°C, stirred for 30 



10 



minutes and filtered to give 34 gm of 5,6-dimethoxy-2-(4-pyridyl)methyl-1- 
indanone. 

Example 2 

The mixture of 5,6-dimethoxy-2-(4-pyridyl)methyl-1-indanone (45 gm), 
methanol (600 ml), concentrated hydrochloric acid (18 ml) and platinum oxide 
catalyst (2.5 gm) is taken into a hydrogenation flask and subjected to 
hydrogenation under a hydrogen gas pressure of 2 bars for 5 hours. The 
catalyst is filtered off and the solvents are evaporated completely under vacuum. 
Ethyl acetate (150 ml) is added to the residue and stirred for 15 minutes at 25°C 
to 30°C. Then the contents are cooled to 0°C, stirred for 30 minutes and filtered 
to give 48 gm of 4-[(5,6-dimethoxy-1-indanon)-2-yl]methylpiperidine 
hydrochloride. 

Example 3 

Benzyl bromide (4.5 ml) is added to the mixture of 4-[(5,6-dimethoxy-1- 
indanon)-2-yl]methylpiperidine hydrochloride (8 gm), toluene (150 ml) and 
potassium carbonate (9 gm) and stirred for 2 hours at 25°C 30°C. The reaction 
mass is cooled to 10°C and filtered. The filtrate is washed with water, dried over 
sodium sulfate and concentrated under vacuum. Ethyl acetate (200 ml) is added 
to the residue, stirred for 10 minutes at 25°C 30°C, cooled to 0°C and hydrogen 
chloride gas is passed till the pH 2 is attained. The reaction is maintained for $0 
minutes at the same temperature. The solid is filtered, washed with ethyl acetate 
and dried under vacuum at 50°G for 4 hours to give 8 gm of donepezil 
hydrochloride. 
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We claim: 

1) A process for the preparation of the compound of the general formula I or a 
salt thereof: 

5 

P 




wherein R represents, the same as or different from each other, a hydrogen 
atom or a lower alkoxy group, n represents an integer of 1 to 4 and Y represents 
HorF, 

10 which comprises hydrogenating the compound of the general formula II: 



O 




II 



wherein R, n and Y have the same meaning as defined above, with hydrogen 
. using platinum oxide, palladium-carbon, raney nickel or ruthenium oxide catalyst 
15 in the presence of an acid under a hydrogen pressure of 1 to 1 0 bars and 

optionally converting the compoun d of the formula I to the salt. .„„„ 

2) A process according to claim 1 - t wherein R is methoxy or ethoxy; n is 1-3; 
and Y is fluorine or hydrogen. 

3) A process according to claim 1 , wherein the compound of the formula I is 4- 
20 [(5,6-dimethoxy-1-indanon)-2-yl]methylpiperidine or a salt thereof. 

4) A process according to claim 1 , wherein 0.1 to 10 moles of the acid per mole 
of the compound of formula II is used. 

5) A process according to claim 4, wherein 0.5 to 5.0 moles of the acid per 
mole of the compound of formula II is used. 

25 6) A process according to claim 1 , wherein the acid is selected from 
hydrochloric acid, sulfuric acid, phosphoric acid and acetic acid. 
7) A process according to claim 6, wherein the acid is hydrochloric acid. 
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8) A process according to claim 1 , wherein the catalyst is platinum oxide. 

9) A process according to claim 1, wherein the pressure is about 1 to 6 bars. 

10) A process according to claim 9, wherein the pressure is about 1 to 4 bars. 

1 1) A process according to claim 1, further comprises reacting the product of the 
5 claim 1 with a benzyl halide, wherein halide is bromide, chloride or iodide to 

give a compound of the formula III or a salt thereof: 



O 




III 



wherein R, n and Y has the same meaning as defined in claim 1 . 
10 12) A process according to claim 11, wherein R is methoxy or ethoxy and n is 1 
to 3. 

13) A process according to claim 12, wherein the compound of the formula III is 
1-benzyl-4-[(5,6-dimethoxy-1-indanon-2-yl)methyl]piperidine or hydrochloride 
salt thereof. 

15 
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